analysis model, which delineates the southern provinces of Guangdong, and Hainan from the northern provinces of Fujian, Taiwan, Zhejiang, Shanghai, Jiangsu, and Shandong. An index of annual activity representing the degree to which each year follows this pattern of activity is used to identify correlated climate variables. A useful model that includes sea level pressure differences between Mongolia and western China and SST over the midlatitude NW Pacific during the summer explains 27% of the inter-annual variability of the index. Physically, we suggest that a stronger than normal north to south pressure gradient increases the surface easterly wind flow over northern China, this coupled with lower SST over midlatitude NW Pacific, favors typhoons taking a more southerly track toward Hong Kong. These modern records support a spatially more comprehensive analysis of typhoon activity in China, but are temporally more limited. Thus in the present work we make use of both the historical and modern records of typhoon landfalls. We begin with an examination of the historical record using log-linear regression. This suggests a possible north-south variation in typhoon activity. The modern record is subsequently analyzed to examine this variation in greater spatial detail. Here we employ a factor analysis model. Output from the model is then used to study possible climate factors that might influence this variation. Data sources and methods are described in chapter We begin with the historical records from Guangdong and Fujian. 
Historical Typhoons over Guangdong and Fujian Province
The historical typhoon data used in this study are obtained from While we analyze the time series' separately, it is likely that some storms are counted in both provinces. Collectively there are 539 storms. This equates to an average rate of 1.7 storms/yr. Guangdong experiences considerably more storms compared with Fujian, with an average rate of 1.5 per year and a maximum of 13 storms in a single year. This compares to an average rate of 0.2 per year and a maximum of 2 in a single year. In this study we are specifically interested in the co-variability of landfalls across the two provinces.
Modern Typhoon Records
The modern typhoon record consist of 6-hourly positions (latitude and longitude in tenths of a degree) and intensities (5 kt 
ENSO and the Pacific Decadal Oscillation

NCEP/NCAR Reanalysis Data
Additional atmospheric and ocean data are used in this study to investigate possible relationships to the pattern of China landfalling typhoons not explained by ENSO or the PDO. The National Centers for Environmental Prediction-National Center for Atmospheric
Research (NCEP/NCAR) reanalysis data is provided CDC. The data are the result of an elaborate analysis/forecast system employed to perform data assimilation using observational data from 1948 to present. The data are divided into six categories, pressure level, surface, surface flux, other flux, tropopause level and sigma level data (Kalnay et al. 1996 ). The present study utilizes two datasets, first the pressure level data at the surface in order to examine possible influences on coastal typhoon patterns. In particular we are interested in the large-scale atmospheric surface pressure patterns across Asia and the Pacific that might influence the probability of typhoon landfall over China. Monthly data are obtained from the CDC and averaged over the months of May through November. The second dataset obtained from the NCEP/NCAR reanalysis are SST over the middle latitudes of the NW Pacific. These data were examined in order to ascertain whether or These results are important since they will be compared with the modern record.
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CHAPTER 4 SPATIAL CO-VARIABILITY IN CHINA LANDFALLS
Typhoons typically form and track westward toward China, as they approach the coast they sometimes curve northwestward steering clear of China. Thus, on average, direct hits on the northern provinces are less likely than hits on the southern provinces. To lessen this disparity in counts between Guangdong and the northern provinces, we combine the counts from Shanghai, Jiangsu, and Shandong. Hainan southernmost and the region of SJS northernmost. On balance the correlations are positive indicating that when activity is high in one province it tends to be high in another or vice versus. The exception is Guangdong and Hainan. When typhoon activity is high over the south it tends to be lower over the north. Interestingly, the cutoff between negative and positive correlation occurs between the provinces of Guangdong and Fujian. Thus the negative correlations indicate an inverse relationship in activity between the north and south.
Next, as a way to describe and quantify this overall pattern in annual typhoon frequencies we employ a factor analysis model.
Factor Analysis Model
A factor analysis model attempts to approximate the correlation matrix, with the object being to decide if the data are consistent with a prescribed structure. Factor analysis is used to study patterns of relationships among many dependent variables; this is unlike regression where one looks at many independent variable. The purpose of employing a factor analysis model is to describe if possible, covariance relationships among many variables in terms of a few underlying, but unobservable random quantities called factors. Factors that contribute to correlation structure observed in the correlation matrix are the dependent variables being observed. The single factor model is composed of a response vector (R) that is equal to the single vector of factor loadings (F ) times the factor scores (s) plus an error vector (e). The factor model formula is R = F * s + e, where the random variable (s) has mean 0 and variance 1. The errors (e) is a random vector with uncorrelated components that are also uncorrelated with s, having mean 0 and variances less than 1. The response vector R is the centered and scaled proportion term. The expected value of R is zero and the variance is equal to the transpose of the single vector factor loadings F times F plus the diagonal of the variances,
. The factor loadings are estimated using maximum likelihood methods. Once factor loadings are determined scores are estimated using generalized least squares fitting the response R using A plot showing the tracks of typhoons during a year with a large positive value for the FSI and a year with a large negative value for the FSI is given in Fig.4.4 . Evident is the fact that years with many recurving, higher latitude typhoons are years with few non-recurving, lower latitude typhoons and vice versa. This result was inferred based on the analysis done on the historical record, and confirmed using the modern record.
Statistical Significance of the Factor Analysis Model
Since there are no direct methods to test the factor analysis results we employ a Monte An initial estimate of the values of the data are generated from the modern record data. Using a Monte-Carlo sample to estimate the probability of getting a results as strong or stronger than what we observe by chance. This value is then probability of a Type I error, that is the probability of rejecting the null hypothesis, when in fact it is true. The null hypothesis is that the magnitude of the slope is zero, corresponding to no relationship between provinces. Another words, the North-South one factor split observed in the modern record data is random. The expected slope for north to south based on the factor analysis is .2112. The number of samples in the Simulation (N=1000) with the absolute value of the slope greater than or equal to .2112 under the independence assumption is 6 so the p-value is 6/N where N=1000 samples or .006. The null hypothesis that the magnitude of the slope is zero is rejected. The small p-value indicates that the observed North-South one factor split does not occur at random. This bolsters our claim that there is a relationship between the factor loadings for each province.
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CHAPTER 5 RELATION TO LARGE-SCALE CLIMATE PATTERNS
The above modeling study indicates geographic variation in typhoon landfall frequency over China on an interannual basis. In years with above normal landfall activity over Guangdong and Hainan, there are fewer storms over Fujian and provinces to the north.
What causes this variation and can it be explained by variations in atmospheric and ocean variables?
The coherent north-south signal in China landfalls is expressed as a value for the FSI each year. We now turn our attention to the possibility that a portion of the interannual The historical records provide a hint at the important landfall pattern by showing a statistically significant negative correlation between the frequency of landfalls over Guangdong and Fujian. When activity over Guangdong is high, it tends to be low over Fujian and vice versa. The relationship is examined using correlation, conditional probabilities, and log-linear regression. The dominant landfall pattern is identified in the modern records of typhoon counts in coastal provinces using a factor analysis model. The model delineates the southern provinces of Guangdong, and Hainan from the northern provinces of Fujian, Taiwan, Zhejiang, Shanghai, Jiangsu, and Shandong. When typhoon activity is high over the southern provinces it tends to be low over the northern provinces. This result is new and provides a way to examine climate influences on geographic variations in typhoon activity.
The statistical significance of the factor analysis model is tested using Monte Carlo simulation
experiments. An index of annual activity representing the degree to which each year follows this pattern of activity is used to identify correlated climate variables.
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The relationship between the dominant spatial pattern of China landfalls, as described by the FSI, and climate is first examined using indices for ENSO and the PDO. Although the 
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CHAPTER 7
CONCLUSIONS
The major conclusions of this study are:
• Historical typhoon records from the Guangdong and Fujian provinces of China dating back to 1600 are inversely correlated on the annual time scale.
• A factor model applied to modern typhoon counts in the coastal provinces of China indicates a north-south split in activity, with the split occurring between Guangdong and Fujian.
• The factor model is statistically significant against a null hypothesis of random distribution of landfalls.
• A factor score index (FSI) provides a time series of the dominant geographical pattern in China landfall activity.
• The FSI is weakly negatively related to both the PDO and the SOI.
• The north-south sea-level pressure gradient over central Asia and sea-surface temperatures over the midlatitude NW Pacific are significant predictors of FSI on an annual basis.
The study can be improved. For example, it would be interesting to examine the geographic pattern of strong typhoons over China. It is likely to be similar to that of the typhoon pattern, but it might be more pronounced. More importantly, it would be revealing to examine the results of a factor model applied to the historical records and make a more detailed comparison with the present results. Unfortunately, typhoon counts for provinces other than Guangdong and Fujian are unavailable at this time. Finally, a closer examination of other atmospheric and oceanic variables might reveal additional relationships with the typhoon landfall pattern.
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APPENDIX A SOFTWARE USED
• ERSI: ArcMap version 8.0. Used to tabulate the direct passage of TC over study area.
• Insightful: Splus version 6.0. Used to create graphs, correlation matrix and to perform factor analysis.
• The R Foundation for Statistical Computing: R version 1.9.0. Used to perform simulation(provided by Tom Jagger).
• CDC: Atmospheric and oceanic data obtained from NOAA-CIRES Climate Diagnostics Center (CDC), Boulder, Colorado, from their website at http://www.cdc.noaa.gov/. 
